ABSTRACT
INTRODUCTION
Human body is composed of elements dominated by carbon, hydrogen and oxygen but also encompasses more than 80 elements classified in the periodic table. Many of them can be incorporated into the bone tissue 1 . Amount consumed in foods defines the term macro and microelements in diet. Macro elements which are consumed in large quantities are carbon, hydrogen, nitrogen, oxygen, calcium, potassium, phosphorus (P) and sodium (Na). Whereas strontium (Sr), barium (Ba), selenium (Se), lead (Pb) are classified as micro or trace elements. These are found in very low quantities in bone tissue. This quantity may be as low as parts per million (ppm) or billion (ppb) 2 . However this minute contribution into bone tissue does not lessen the physiological importance of trace elements. In various parts of the world alterations in the trace elements in soil is correlated with certain diseases such as KashinBeck disease (osteoarthritis deformans endemica) found in Northern China, Northern Korea and Siberia. This disease is found to be related by low selenium content of soil 3 .
Use of physicochemical analysis techniques in anthropological studies brought a new area to obtain more data from the skeletal materials in this field. Presence of many of the diseases which existed during historical periods was found with the help of science of paleopathology which deals with the remnant skeleton material of humans. Metabolic diseases which form an important portion of those diseases have direct relation with nutrition. Pb is accepted as a toxic element for organisms and its physiological significance is not known yet. Although its toxicity and related symptoms are most visible at central nervous system its accumulation occurs mostly at bone tissue. Copper is another element which can cause toxicity however its adequate amounts are necessary for enzymes of antioxidant system in the body. It also accumulates in the bones. Those elements can occur in food as well as they can be found as a result of contamination from the storage cups to the food 10 . Similarly water pipes can contaminate the water inside them. Apart from the accumulation of such elements in the skeleton due to the food or water consumed by the people, diagenesis can be a source of augmented copper or zinc (Zn) content 11 . Although Pb and mercury (Hg) can cause very distinct intoxications when they are found in very low quantities, all elements may cause toxicity above certain levels. Fe is an important element for oxygen transport via hemoglobin as well as for oxidant/antioxidant enzyme systems. Its decrease in the body leads to anemia whereas its over accumulation 6 Grupe 1995. 7 Various techniques are applied for the analysis of elements from bone or earth material. Gas chromatography, atomic absorption spectroscopy, atomic emission spectroscopy XRF (X-Ray fluorescence), ICP-MS are examples for such techniques 13 . Such techniques depend on the fact that properties of atoms in absorbing and emitting energy are different. By their different properties elements can be discriminated from each other. The principles of X-Ray Fluorescence (XRF) analysis is related to optical dispersion spectrograph principles. However in the X-ray fluorescence method excitation of atom happens through X-rays (instead of heat). As the atom numbers increase in the elements, the amount of electrons they have and thus their number of orbitals on which the electrons move increase. If any atom is excited with a high energy radiation like X-Ray, this high energy input brings the electrons in the near orbitals to a higher energy level; when the excited electrons go back to the initial energy level, they discharge the extra energy they had gained in the form of X-Rays. This secondary X-Ray emission is called "fluorescence radiation". The wavelength of these radiations that an element emits is characteristic for that element. In other words, these radiations are like fingerprints of the related elements. By identifying the wave-length of the radiation, the type of the element and by measuring the density of this identified ray, the concentration of the element in that substance can be determined 14 .
Porous structure which gives bone tissue its strength and flexibility also causes its close interference with blood elemental values such as Ca and P 15 . This porous structure is the key for exchange of elements between bone and blood during lifetime and between bone and soil after death. Following the death of individual this close interrelation of bone with blood ends and another interaction strats with soil and burial environment. Some elements in the bone are lost whereas some others may start to accumulate to the bone from the soil such as manganese, Ca content of soil should be assessed prior to the use of Ba as a plant based food inorder to discriminate whether this Ba is originated from soil diagenesis or the food consumed by the individual. More abundance of an element in soil rather than bone material suggests a diagenetic process. Since Sr and Zn are less affected from diagenesis unlike the Ba it is much safer to use them in nutrition assessment studies 18 . But still soil elemental analysis is essential for confirmation.
In addition to soil analysis, Ca/P ratio in bone can be used as an indicator of diagenesis. Ca/P rate is found at a constant rate in humans. This ratio is 2.16
19 . An attenuation of this value or its increase can be considered as a diagenetic process to the skeletal material. Diagenesis is known to effect bone and dental tissue differently. Teeth are more resistant to diagenesis 20 . Also skeletal tissue is not uniformly affected by diagenesis. Cortical bone is less affected than trabecular bone and surface is more affected than deeper parts of bone 21 . In order to lessen the effect of diagenesis cortical bone surface obtained from areas such as femoral neck is scraped with a suitable material and less affected parts are used for analysis 22 . There are reports stating the impact of sampling area on the bone on the results. Femoral head (spongiosa part of the femoral head) is used but also compact bone extracted from the proximal part (femoral neck) is also assessed 23 since it is known that compact bone is less influenced from diagenesis 24 . Even spatial accumulation of elements is also observed in same site of bone 25 . Therefore additional samplings may aid evaluation of accumulation of elements. Generally bone which have more surface/volume ratios such as ribs are more affected from diagenesis. Due to same physical surface/volume ratio adult bones are less affected from diagenesis compared to children bones 26 .
Another ratio frequently used is the Sr and Ca ratio. Turkey with its long human settlement history starting from prehistoric times provides a vast study area for elemental analysis from burial sites. There are increasing number of studies on the subject presenting different nutritional status of individuals and different burial conditions in the scope of diagenetic processes which alters elemental content of skeletons. Among them Beybağ-Muğla Byzantine population has been studied by different researchers in archaeological and anthropological view. In this population various paleopathological conditions has been found (PhD thesis by S.K. Arıhan). This reminds a possible malnutrition or intoxication case. This study aims to assess nutritional status of this population with the aid of certain chemical elements found in bone material inorder to figure out any possible interrelation between those pathologies and nutritional state.
MATERIALS AND METHODS

Skeletal Material
Research material consists of samples from an excavation study conducted at Beybağ Region (Muğla-Turkey ( Fig. 1) . This site had been inhabited between 10th century AD and 13th century AD 32 (Fig. 2) . Skeletons belonging to 52 individuals were studied in this research. Chronologic determination of skeletons was perfomed according to archaeological findings. Burials were in different types but all were found with close contact with soil material. of childrens and babies measurement of maximal long bones 50 , and tooth eruption times were 51 chosen.
Mean age of males, females and childrens were 39±12, 41±9 and 5±4 respectively. At least one of the pathological signs of anemia (cribra orbitalia, porotic hyperostosis and thickening of skull bones) were observed in all of the individuals, studied in this research (PhD thesis by S.K.Arıhan)
Elemental Analysis
A total of 52 skeletal (19 male, 18 female and 15 childrens) and 3 soil samples were investigated for this population. 3 samples from man and woman are from the same individuals sampled from two different areas of the femoral bone; femoral head (spongiosa part of the femoral head) and femoral neck (at the opposite position of lesser trochanter). Therefore we aimed to assess different parts of the femoral bone to determine the effect of sampling area. without any hand contact. Ultrasonic device was cleaned with distilled water following cleansing of each sample in order to avoid any cross contamination between samples.
Following washing procedure drying had been performed in stove (Raypa) for 12-15 hours at 100 -110°C. Dried samples were placed in numbered crucible and burned at stove (Nuve MF 120) for 3 hours at 550°C (Fig. 3 ). Samples were crushed until they are fine as dust in agate mortar, sieved (Retsch 250 μm) and placed in locked plastic bags. In order to avoid contamination between samples, agate mortar and sieve was cleaned with air pump and alcohol after each sample preparation (Fig. 4,  5 ).
The element contents of the skeleton/bone samples from Beybağ-Muğla were determined by using X-Ray Fluorescence (XRF) Analysis Method (PED-XRF). After pulverizing the analysis samples selected for the analysis in an agate mortar, 32 mm discs were formed, each disc was mixed with a chemical (wacks) used in the XRF analysis and placed on the sample stage of the device and was analysed. In this study, X-Lab 2000 model PED-XRF (Polarized Energy Dispersive-XRF) brand spectrometer was used. X-Lab 2000 PED-XRF spectrometer has a property of being capable of analysing the elements from sodium (Na) with atom number 11 to uranium (U) with atom number 92. The sensitivity threshold of the device is 0.5 ppm for heavy elements and about 10 ppm for light elements. In this study approximately 50 elements could be identified. Because of the weight loss (LOI) at high temperature (950°C) lithium, boron and fluorine cannot be detected. In the analysis major and minor elements are given in the form of oxide percentages (%) and trace elements are given in one in a million (ppm) concentration. In the analysis the USGS (U.S. Geological Survey) standards and as reference GEOL, GBW-7109, and GBW-7309 were used.
Statistical Analysis
Data were statistically evaluated with Kruskal-Wallis and Tukey test. P<0.05 was accepted as statistically significant. Data is presented as mean ± standard error of mean.
RESULTS
Sr values were found as 131.2 ppm±6.7 for man femoral head, 144.6 ppm ±7.1 for woman femoral head, 131.9 ppm ±6.7 for children and 92.9 ppm ±8.0 for soil samples.
Values of all three groups were found significantly higher than soil samples (p<0.05). However, no significance were found between man, woman and children groups.
Femoral neck values were found as 133.0 ppm ±19.0 in man and 138.4 ppm ±16.1 in woman (Table 1) .
Ca values were found as 41.8 % ±1.6 for man femoral head, 43.3 %±1.5 for woman femoral head, 42.9 % ±1.6 for children and 31.5 % ±4.1 for soil samples. Values of all three groups were found significantly higher than soil samples (p<0.05). Femoral neck values were 54.4 % ±0.8 for man and 55.3 % ±0.9 for woman ( Femoral neck values were found as 1.5 ppm±0.2 for man and 1.5 ppm±0.1 for woman. Femoral neck values were found significantly lower than femoral head samples (p<0.05) ( Table 1) . Pb were found as 13.8 ppm±1.1 for man femoral head, 14.5 ppm±1.0 for woman femoral head, 16.9 ppm±1.2 for children and 17.6 ppm±1.5 for soil samples (p>0.05).
Femoral neck values were found as 4.9 ppm±0.8 for man and 4.6 ppm±1.1 for woman. These values found for man and woman were significantly lower other groups (p<0.05) ( Table 1) . As were found as 7.4 ppm±0.7 for man femoral head, 9.0 ppm±1.2 for woman femoral head, 7.5 ppm±0.6 for children and 26.5 ppm±9.3 for soil samples. Femoral neck values were found as 5.8 ppm±1.9 for man and 3.2 ppm±0.9 for woman. Values of all groups were found significantly lower compared to soil samples (p<0.05) ( Table 1) . Sr/Ca rate was found as 3.14 for man femoral head, 3.34 for woman femoral head and 3.07 for children samples. Same ratio was found as 2.44 for man femoral neck and 2.5 for woman femoral neck samples. Log (Ba/Sr) rate was found as 0.28 for man femoral head, 0.25 for woman femoral head and 0.35 for children. Same rate was found as -0.05 for man femoral neck and 0.11 for woman femoral neck samples. Ca/P rates were found as 1.52 for man femoral head, 1.69 for woman femoral head and 1.68 for children. Same rate was found as 1.50 for man femoral neck and 1.62 for woman femoral neck samples.
DISCUSSION
In this study elemental analysis of 52 samples from Beybağ-Muğla (Turkey) Byzantine population was conducted. On the bone samples 3 macro (Ca, P and Fe) and 6 trace elements (As, Ba, Pb, Sr, Zn and I) analyses were performed. For the analyses, femoral head samples were used. In order to determine any possible differences in different parts of bone material, femoral neck from 3 samples of man and woman were compared with samples obtained from femoral head.
Sr values of man, woman and children are significantly higher than soil samples from the graves, suggests that this Sr content reflects food origin rather than diagenesis.
Comparison of trace element content of bone material and soil samples are a common method for determining the impact of diagenesis
53
.
Similarly close values observed in femoral neck and femoral head samples for Sr supports the possibility that diagenetic processes did not have a significant impact for this element. No significant difference between man and woman were observed (Table 1) . Beybağ values (man 131.2 ppm, woman 144.6 ppm) were similar with an ancient Kelenderis population (man 198.2, woman 179 ppm) 54 whereas much lower than found in ancient İkiztepe population where values for adults vary between 674 to 757 ppm. Soil Sr for İkiztepe population (139 ppm) 55 was also higher than Beybağ population (92.9 ppm).
Ba is a good indicator of plant based diet however it was shown that it is affected from diagenesis 56 . In Beybağ samples diagenesis is also apparent therefore together with Sr values it avoids conclusion on plant or animal based nutrition for man or woman.
Log (Ba/Sr) rate which is an indicator of marine/terrestrial feeding 57 is found at similar rates in man (0.28) and in woman (0.25) compared to childrens (0.35). It was expected to observe negative values for this ratio whereas we observed altered values compared to literature. Findings for man and woman are at the limit of terrestrial feeding however strong diagenetic impact on Ba avoids such conclusions. Although higher Ba content in children can be related with breast feeding however high diagenesis obscures such conclusions. 53 Ca in Beybağ for adults was found higher (adults 41 to 43% and soil 31%) than İkiztepe population population (37 to 41% and soil 10%) (Özdemir and Erdal 2009) . Accumulation of Ca and Sr may show different patterns according to their presence in the diet and fiber content of the food. Increased plant fiber may decrease Ca but enhance Sr. In addition Ca content in bone tissue may be subject to diagenesis. According to our study results, Ca was found significantly higher than soil samples except males.
Sr/Ca rate is observed higher in woman (3.34) than man (3.14) and children (3.07). These values are higher compared to Ikiztepe bronze age population (Özdemir and Erdal 2009 ).
Phosporus was observed in similar quantities in man (27.5±0.9%), in woman (25.6±1.2%) and in children (25.6±1.2%). Although P content was significantly high compared to soil samples (2.3±1.3%) (p<0.05), values observed in Beybağ bone samples were much higher compared to literature. This situation reminds strong diagenesis for this element 58 . were found P as 18 % for adults and 4.3 % for soil. Excessive phosphorus due to agricultural practices interferes with biological content of bone postmortem. In addition to that in a study by Nielsen and Kristiansen 59 a prehistoric Celtic field system in Denmark possessed augmented levels in Na, K, P, Ca, Sr and Mn, whereas an attenuation in Co compared to a reference soil. Beybağ site has been inhabited at least since Bronze age therefore such enhancements in soil is also expected which in turn alter chemical composition of buried bones.
One of the most important indicators of diagenesis is the Ca/P rate 60 . Ca/P rates are 1.52 for man, 1.69 for woman, 1.68 for children at femoral bone samples. This rate is lower than 2.16 which is found as a standart value in other studies 61 . Ca/P values in our study are much lower than other studies peformed in Turkey such as, Özdemir 2008 Özdemir , Çırak 2010a Özdemir and Özdemir and Erdal 2009 . This finding seems related with high P content of sampled bone material due to diagenesis since Ca ratios are in parallel with other elemental analysis studies from Turkey. However there are studies which determine Ca/P rate as 5.3 which suggest that this ratio can change and can not be used as a constant for every site . Therefore according to our results it is not possible to state high meat consumption in this population. Zn is known to incorporate to bone tissue differently due to seasonality 72 . However it is not possible to make such correlations since it is not known the exact burial season of Beybağ samples.
Fe is an important element for nutrition and its low intake may result in diseases such as anemia. Fe was also assessed in our study. Although femoral head has a higher blood circulation compared to femoral neck cortical bone and it's the site of medullary hematopoiesis (blood production) higher Fe content is expected but when high Fe content in the soil samples are considered this discrepancy in both sampling sites reminds an effective diagenesis. In relevant scientific literature Fe in soil was also found in high quantity 73 . In Beybağ population iron was found as 2.4 % for man, 2.5 % for woman, 2.7 % for childrens and 3.7 % for soil (p>0.05). This situation prevents evaluation of this important element in this aspect. However femoral neck samples present much less iron content showing impact of diagenesis on femoral heads. Ezci 74 found 230 ppm for males, 295 ppm for females and 1278 pp for soil in Camihoyuk population.
Woman was expected to have more I than man because of pregnancy and breastfeeding however results for man (10.1 ppm) and woman (9.1 ppm) are similar and also statistical insignificance with soil shows effect of diagenesis. Nevertheless although different from soil, similar results were observed for man (3.2 ppm) and woman (2.4 ppm) for femoral neck samples. 84 .
As values in Beybağ population presents low arsenic content in bones (man 7.4 ppm, woman 9 ppm and children 7.5 ppm) however soil As content was high (26.5 ppm). In another Anatolian settlement Adramytteion population As values were found higher as 26.6 ppm for man, 35.5 ppm for woman and 7.5 ppm for soil 74 
CONCLUSION
Results of elemental analysis of Beybağ samples present a high diagenetic impact of burial environment on Ba, I, Fe and P. This situation hampers evaluation of Log (Ba/ Sr) and assessment of diet choices of Beybağ population such as animal/plant or terrestrial/marine based diet. Although sample sizes are small for femoral neck samples they show great difference with femoral head samples for the elements Ba, Cu, I, Fe and Pb. elements demonstrate a strong impact of diagenesis for this burial site. When Zn is considered as a non affected element from diagenetic processes it is possible to state that man and woman in this population had similar protein intake. Similar content of Sr in both genders suggests a similar plant source was incorporated into diet. However Sr/Ca rate observed in woman (3.34) is higher than man (3.14) and childrens (3.07). More animal food in the diet was mentioned in past populations such as Ikiztepe population 93 . Low As, Cu and Pb levels in Beybağ samples show no sign of toxication by those elements. This can be concluded as no potential impact of those elements on the observed paleopathological signs on this population samples.
Although sample sizes are small for femoral necks, comparison of femoral head to femoral neck bone values for certain elements reveals importance of sampling area from bone tissue. In areas such as Beybağ region where burial types are simple earth grave, agricultural practices are frequent and contamination with diagenetic processes are augmented, sampling from femoral neck may prevent loss of information from elemental analysis.
As a result it can be concluded from the data obtained from this study, correlation of reported paleopathological findings in Beybağ Byzantine population with any toxication from assessed toxic elements or any apparent lack of macro or micro nutrients is not evident. However presence of anemia signs in all of the sample material suggests infectious diseases and low hygiene conditions in this population and needs further assessment on burial locations and burial types with less influence of diagenetic processes inorder to figure out nutritional status of this population.
This study presents an example for assessment of nutritional status of individuals belonging to a high palepathological disease bearing ancient population with the help of elemental analysis.
